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the same 



(57) A liquid crystal display device has a liquid crys- 
tal panel (210), a DA converter (222) for generating a 
common electrode signal (Vcom) to be applied to a com- 
mon electrode of a liquid crystal, and a non-volatile 
memory (221) for encoding an optimum value of the 
common electrode signal (Vcom) into an ID code and 
storing the ID code therein. The DA converter (222) gen- 
erates the optimum common electrode signal (Vcom) 
corresponding to the ID code read out from the non-vol- 
atile memory (221). A liquid crystal panel manufacturer 
ships the liquid crystal panel (21 0) in which the optimum 
value of the common electrode signal (Vcom) is encod- 



ed into the ID code and stored in the non-volatile mem- 
ory (221) in an inspecting process. The assembling 
manufacturer using the liquid crystal panel (210) can 
easily set the optimum value of the common electrode 
signal (Vcom). Furthermore, the liquid crystal display 
device has a CPU (300) decoding the ID code read out 
from the non-volatile memory (221). Alternatively, it is 
possible to supply a data of a value of the common elec- 
trode signal to a user of the liquid crystal. The user ad- 
justs the common electrode signal generating circuit by 
using the data of the value of the common electrode sig- 
nal. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] This invention relates to a liquid crystal display 
device in which a common electrode signal Vcom of the 
display panel of the display device is easily adjusted by 
a manufacture of the liquid crystal display device, and 10 
an adjusting method thereof. 

Description of the Related Art 

[0002] In recent years, liquid crystal panels have been *5 
widely used for TV sets or cellular phones. Fig. 8 shows 
an equivalent circuit diagram of a pixel of a liquid crystal 
panel according to the conventional art. Such pixels are 
disposed in a matrix of m rows and n columns. A gate 
signal line 50 and a drain signal line 51 are formed on 20 
an insulating substrate (not shown), intersecting each 
other. A pixel selecting thin film transistor 52 connected 
to both the lines 50 and 51 is provided in a periphery of 
the intersection of those lines. A common electrode sig- 
nal Vcom is applied to a common electrode of a liquid 25 
crystal 53. 

[0003] Furthermore, a storage capacitance element 
55 for storing a voltage of a display electrode 54 for one 
field is provided. 

[0004] A terminal 56 on one side of the storage ca- 30 
pacitance element 55 is connected to a source 52s of 
the pixel selecting TFT 52, and an electrode 57 on an- 
other side of the storage capacitance element 55 is ap- 
plied with an electric potential common to the pixels. 
[0005] As shown in Fig. 9, when a gate scanning sig- 35 
nal Vg of high level is applied to the gate signal line 50, 
the pixel selecting TFT 52 turns on so that a video signal 
Sig is transmitted from the drain signal line 51 to the 
display electrode 54 and stored in the storage capaci- 
tance element 55. The video signal Sig applied to the 40 
display electrode 54 is applied to the liquid crystal 53, 
and the liquid crystal 53 is aligned in response to the 
signal voltage. 

[0006] If a DC component is constantly applied to the 
liquid crystal 53, a degrading phenomenon such as 45 
burn-in occurs. Therefore, as shown in Fig. 10, a line 
inversion driving method in which the polarity of the vid- 
eo signal Sig is reversed every 1H period is employed. 
In this method, it is necessary to set the video signal Sig 
so as to change symmetrically with respect to the com- 50 
mon electrode signal Vcom in order to avoid generating 
of the DC component. 

[0007] However, in practice, the voltage applied to the 
liquid crystal 53 is lowered by AV as shown in Figs. 9 
and 10. This occurs since a parasitic capacitance 60 is 55 
formed between the gate and the source 52s of the pixel 
selecting TFT 52 so that the source 11s is lowered by 
AV by capacitance coupling, when the gate scanning 



signal Vg changes from a high level to a low level. This 
causes the DC component of AV to be applied to the 
liquid crystal 53. Therefore, the common electrode sig- 
nal Vcom also needs to be lowered by AV (to Vcom' in 
Fig. 1 0). However, since AV varies for each of manufac- 
tured liquid crystal panels, the common electrode signal 
Vcom needs to be adjusted for each of the liquid crystal 
panels. 

[0008] Fig. 1 1 is a flowchart showing a production flow 
from manufacturing of the liquid crystal panel by a liquid 
crystal panel manufacturer to shipping the product to the 
market by an assembling manufacturer. On the side of 
the liquid crystal panel manufacturer, liquid crystal pan- 
els are manufactured (step 1), inspected (step 2), and 
shipped to the assembling manufacturer (step 3). The 
assembling manufacturer, which receives the liquid 
crystal panels, detects and sets an optimum common 
electrode signal Vcom for each of the liquid crystal pan- 
els (step 4). It has been known as a detecting method 
of the optimum value of the common electrode signal 
Vcom to scan the common electrode signal Vcom while 
monitoring brightness of the liquid crystal panel and set 
the common electrode signal Vcom when the brightness 
is at the minimum as the optimum common electrode 
signal Vcom. 

[0009] Each of the liquid crystal panels, which is set 
with the optimum common electrode signal Vcom, is as- 
sembled in a set such as a TV set or a cellular phone 
(step 5), and then shipped to the market (step 6). 
[0010] As described above, since the assembling 
manufacturer needs to detect the optimum value of the 
common electrode signal Vcom for the liquid crystal 
panel and set it therein, the assembling manufacturer is 
burdened with many manufacturing steps. 
[001 1 ] Therefore, the object of this invention is direct- 
ed to a liquid crystal display device in which the assem- 
bling manufacturer using the liquid crystal panel can 
easily set the optimum value of the common electrode 
signal Vcom, and an adjusting method of the liquid crys- 
tal display device. 

SUMMARY OF THE INVENTION 

[0012] The solution according to the invention lies in 
the features of the independent claims and preferably 
in those of the dependent claims. 
[0013] The invention provides a liquid crystal display 
device that includes a liquid crystal panel, a common 
electrode signal generating circuit generating a com- 
mon electrode signal applied to a common electrode of 
the liquid crystal panel, and a non-volatile memory stor- 
ing a code corresponding to a value of the common elec- 
trode signal. The common electrode signal generating 
circuit generates the common electrode signal corre- 
sponding to the code read out from the non-volatile 
memory. 

[001 4] The invention also provides an adjusting meth- 
od of a liquid crystal display device. The device includes 
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a liquid crystal panel, a common electrode signal gen- 
erating circuit generating a common electrode signal ap- 
plied to a common electrode of the liquid crystal panel, 
and a non-volatile memory storing a code correspond- 
ing to a value of the common electrode signal. The meth- 5 
od includes inspecting the liquid crystal panel to detect 
the value of the common electrode signal, encoding the 
value of the common electrode signal into the code, in- 
putting the code to the non-volatile memory, reading out 
the code from the non-volatile memory, and controlling 10 
the common electrode signal generating circuit based 
on the code. 

[0015] The invention further provides an adjusting 
method of a liquid crystal display device. The device in- 
cludes a liquid crystal panel, a common electrode signal is 
generating circuit generating a common electrode sig- 
nal applied to a common electrode of the liquid crystal 
panel, a non-volatile memory storing a code corre- 
sponding to a value of the common electrode signal, and 
a CPU decoding the code read out from the non-volatile 20 
memory and outputting a command to control the com- 
mon electrode signal generating circuit to the common 
electrode signal generating circuit based on a result of 
the decoding. The method includes inspecting the liquid 
crystal panel to detect the value of the common elec- 25 
trode signal, encoding the value of the common elec- 
trode signal into the code, inputting the code to the non- 
volatile memory, reading out the code from the non-vol- 
atile memory and sending the code to the CPU, and de- 
coding the code at the CPU and outputting the com- 30 
mand to control the common electrode signal generat- 
ing circuit to the common electrode signal generating 
circuit based on the result of the decoding. 
[001 6] The invention yet further provides an adjusting 
method of a liquid crystal display device that includes a 35 
liquid crystal panel and a common electrode signal gen- 
erating circuit generating a common electrode signal ap- 
plied to a common electrode of the liquid crystal panel. 
The method includes detecting a value of the common 
electrode signal at an inspection by a supplier of the liq- 40 
uid crystal panel, supplying data representing the value 
of the common electrode signal to a manufacturer of the 
liquid crystal display device who assembles the liquid 
crystal panel into the liquid crystal display device, and 
adjusting the common electrode signal generating cir- 
cuit by using the data representing the value of the com- 
mon electrode signal at a manufacturing step of the liq- 
uid crystal display device by the manufacturer. 

BRIEF DESCRIPTION OF THE DRAWINGS so 

[0017] 

Fig. 1 is a block diagram of a liquid crystal module 
according to a first embodiment of the invention. 55 

Fig. 2 is a circuit diagram of a non-volatile memory 
.of Fig. 1. 



Figs. 3A and 3B are cross-sectional views of jumper 
switches of Fig. 2. 

Fig. 4 is a flowchart showing an adjusting method 
of a common electrode signal of the liquid crystal 
module of Fig. 1 . 

Fig. 5 is a block diagram of a liquid crystal module 
according to a second embodiment of the invention . 

Fig. 6 is a flowchart showing an adjusting method 
of a common electrode signal according to a third 
embodiment of the invention. 

Fig. 7 is a block diagram of a liquid crystal module 
according to the third embodiment of the invention. 

Fig. 8 is an equivalent circuit diagram of a pixel of 
a conventional liquid crystal panel. 

Fig. 9 is a waveform diagram of the liquid crystal 
panel of Fig. 8. 

Fig. 10 is a waveform diagram of the liquid crystal 
panel of Fig. 8. 

Fig. 11 is a flowchart showing a process from man- 
ufacturing of the liquid crystal panel by a liquid crys- 
tal panel manufacturer to its shipping to the market 
by an assembling manufacturer. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 8] A liquid crystal display device of a first embod- 
iment of the invention is described with reference to 
Figs. 1-4. Fig. 1 is a block diagram of a liquid crystal 
module. The liquid crystal module 200 is provided with 
a liquid crystal panel 210, and a control IC 220 for con- 
trolling a display of the liquid crystal panel 210 by sup- 
plying a video signal Sig, a common electrode signal 
Vcom, and other various drive signals to the liquid crys- 
tal panel 210. 

[001 9] The liquid crystal panel 21 0 is provided with a 
pixel region in which, for example, the pixels shown in 
Fig. 8 are disposed in a matrix of m rows and n columns, 
and a horizontal scanner, a vertical scanner or the like, 
which are not shown, disposed in a periphery of the pixel 
region. The control IC 220 has a non-volatile memory 
221 for storing an ID code of n bit corresponding to an 
optimum value of the common electrode signal Vcom, 
and a DA converter 222 (common electrode signal gen- 
erating circuit) for generating the common electrode sig- 
naJ Vcom of the optimum value corresponding to the ID 
code read out from the non-volatile memory 221 . 
[0020] Fig. 2 is a circuit diagram of the non-volatile 
memory 221 . This circuit is a non-volatile memory with 
four jumper switches SW1 to SW4, and one ends of the 
four jumper switches SW1 to SW4 are grounded to the 
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GND (ground potential) and other ends of the switches 
are provided with a power supply voltage VDD. The ID 
code of four bits (D1 , D2, D3, and D4) is stored. Each 
bit corresponds to closing or opening of the jumper 
switches SW1 to SW4. For example, when SW1 is 
closed or in a connected state, a VDD level is outputted, 
and when SW1 is open or in a disconnected state, a 
GND level is outputted. Therefore, a binary signal can 
be stored as D1 . 

[0021] Figs. 3 A and 3B are cross-sectional views of 
the jumper switches SW1 to SW4. As shown in Fig. 3A, 
a resistance line 403 made of, for example, solder is 
connected to pad electrodes 401 and 402 buried in an 
insulating substrate 400, the pad electrodes 401 and 
402 being spaced to each other. As shown in Fig. 3B, 
the resistance line 403 can be easily and mechanically 
disconnected. This method using the jumper switches 
SW1 to SW4 costs less and provides high working effi- 
ciency. 

[0022] The non-volatile memory 221 is not limited to 
this, but may be, for example, an EPROM or an EEP- 
ROM in which the ID code can be electrically written in 
and read out. The non-volatile memory 221 may be in- 
corporated into the control IC 220 or provided outside 
of the control IC 220. 

[0023] Fig. 4 is a flowchart showing an adjusting 
method of the above described common electrode sig- 
nal Vcom of the liquid crystal module 200, based on the 
constructions shown in Figs. 1-3B. The liquid crystal 
modules 200, each of which is mounted with the liquid 
crystal panel 210 and the control IC 220, are manufac- 
tured by a liquid crystal panel manufacturer (step 100). 
The liquid crystal panels 210 in the modules are each 
inspected and the optimum values of the common elec- 
trode signals Vcoms are each detected (step 101). As 
the detecting method of the optimum value of the com- 
mon electrode signal Vcom, there is employed the meth- 
od in which the common electrode signal Vcom is 
scanned while monitoring brightness of a screen of the 
liquid crystal panel 210, and set the signal when the 
brightness is at the minimum as the optimum common 
electrode signal Vcom. 

[0024] An operator refers to a prepared table for 
matching the common electrode signals Vcoms with the 
ID codes, and the ID codes corresponding to the detect- 
ed optimum values of the common electrode signals 
Vcoms are each stored, for example, in each of the 
above described non-volatile memories 221 made of the 
jumper switches SW1 to SW4. 

[0025] Then, the liquid crystal panel manufacturer 
ships the liquid crystal modules 200 stored with the ID 
codes to an assembling manufacturer (step 1 03). When 
the assembling manufacturer, which receives the liquid 
crystal modules 200, turns on the control ICs 220, the 
ID codes are each read out from the non-volatile mem- 
ories 221 and converted at the DA converters 222, 
thereby automatically generating the optimum common 
electrode signals Vcoms (step 104). 
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[0026] Then, each of the liquid crystal panels sever- 
ally set with the optimum common electrode signal 
Vcom is assembled in a set such as a TV set and a cel- 
lular phone (step 105) and then shipped to the market 
5 (step 106). This reduces the process of detecting and 
setting the common electrode signals Vcoms on the side 
of the assembling manufacturer. 
[0027] A second embodiment of the invention is de- 
scribed with reference to Fig. 5, which is a block diagram 

io of a liquid crystal module 200A. The liquid crystal mod- 
ule 200A is different from the liquid crystal module 200 
of Fig. 1 in that a CPU interface 223 is provided in the 
control IC 220A and to enable data-communication with 
a CPU 300 on the side of the assembling manufacturer. 

is [0028] The ID code read out from the non-volatile 
memory 221 is sent through the CPU interface 223 to 
the CPU 300, and decoded at the CPU 300. The CPU 
300 sends a control command corresponding to the de- 
coded result through the CPU interface 223 to the DA 

20 converter 222. 

[0029] This configuration enhances flexibility of ad- 
justing the common electrode signal Vcom on the side 
of the assembling manufacturer, as compared with the , 
first embodiment. That is, in the first embodiment, since 

25 the ID code read out from the non-volatile memory 221 
is directly converted from a digital signal to an analog 
signal at the DA converter 222, one common electrode 
signal Vcom corresponds to one ID code. On the other 
hand, in this embodiment, changing the program which 

30 drives the CPU 300 enables to generate an arbitrary 
common electrode signal Vcom corresponding to one 
ID code. 

[0030] Next, a third embodiment is described with ref- 
erence to Figs. 6 and 7. Fig. 6 is a flowchart showing an 

35 adjusting method of the common electrode signal Vcom. 
This adjusting method may be applied to a liquid crystal 
module 200B provided with a control IC 220B which 
does not have the non-volatile memory as shown in Fig. 
7. In this liquid crystal module 200B, the ID code is ap- 

*o plied from an external terminal 230 to a DA converter 
222A to generate the common electrode signal Vcom. 
Note that this adjusting method can be applied to the 
liquid crystal modules 200 and 200A in the first and sec- 
ond embodiments. 

45 [0031] On the side of the liquid crystal panel manu- 
facturer, the liquid crystal modules 200B each of which 
is mounted with the liquid crystal panel 21 0 and the con- 
trol IC 220B are manufactured (step 500). Then, the liq- 
uid crystal panels 210 in the modules are each inspect- 

50 ed, and the optimum values of the common electrode 
signals Vcoms are each detected (step 501 ). As the de- 
tecting method of the optimum value of the common 
electrode signal Vcom, there is employed the method in 
which the common electrode signal Vcom is scanned 

55 while monitoring brightness of a screen of the liquid 
crystal panel 210, and set the signal when the bright- 
ness is at the minimum as the optimum common elec- 
trode signal Vcom. 
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[0032] An operator refers to a prepared table for 
matching the common electrode signals Vcoms with the 
ID codes, and encodes the optimum values of the de- 
tected common electrode signals Vcoms into ID codes. 
Then, ID code data, which is a table of serial numbers 
and the ID codes (which corresponds to the optimum 
values of the common electrode signals Vcoms) of the 
liquid crystal modules 200B, is sent to the assembling 
manufacturer (step 502). The table for matching the 
common electrode signals Vcoms with the ID codes is 
sent to the assembling manufacturer in advance or sent 
with the above ID code data. Although the data can be 
sent by mail, facsimile, or electronic mail, sending the 
data to a computer of the assembling manufacturer by 5. 
a predetermined form of an electronic file provides an is 
advantage that the assembling manufacturer can use 
the data to automate the adjusting work of the common 
electrode signals Vcoms. 

[0033] On the other hand, the liquid crystal modules 6. 
200B each of which is mounted with the liquid crystal 20 
panel 210 and the control IC 220B are sent to the as- 
sembling manufacturer (step 503). On the side of the 
assembling manufacturer which receives the liquid crys- 
tal modules 200B, the above described ID code data is 
applied to the DA converters 222A to generate the op- 25 
timum common electrode signals Vcoms. 
[0034] Each of the liquid crystal panels severally set 
with the common electrode signal Vcom is assembled 
in a set such as a TV set and a cellular phone (step 505), 
and then shipped to the market (step 506). This reduces 30 
the process of detecting and setting the common elec- 
trode signals Vcoms on the side of the assembling man- 
ufacturer. 



Claims 

1 . A liquid crystal display device comprising: 

- a liquid crystal panel (210); 40 



supplying a command for controlling the common 
electrode signal generating circuit (222) to the com- 
mon electrode signal generating circuit (222) based 
on a result of the decoding. 

3. The liquid crystal display device of claim 1 or 2, 
wherein the non-volatile memory (221) comprises 
a jumper switching circuit (SW1-4). 

4. The liquid crystal display device of claim 1 or 2, 
wherein the non-volatile memory (221) comprises 
an EPROM or an EEPROM. 

The liquid crystal display device according to any of 
claims 1 to 4, wherein the value of the common elec- 
trode signal (Vcom) is an optimum common elec- 
trode signal measured. 

An adjusting method of a liquid crystal display de- 
vice, the device comprising a liquid crystal panel 
(21 0), a common electrode signal generating circuit 
(222) generating a common electrode signal 
(Vcom) applied to a common electrode of the liquid 
crystal panel (210), and a non-volatile memory 
(221 ) storing a code corresponding to a value of the 
common electrode signal (Vcom), the method com- 
prising: 

- inspecting (101) the liquid crystal panel to de- 
tect the value of the common electrode signal 
(Vcom); 

encoding the value of the common electrode 
signal (Vcom) into the code; 

- inputting (102) the code to the non-volatile 
memory (221); 

reading out the code from the non-volatile 
memory; and 



a common electrode signal generating circuit 
(222) generating a common electrode signal 
(Vcom) applied to a common electrode of the 
liquid crystal panel (21 0); and 45 

a non-volatile memory (221 ) storing a code cor- 
responding to a value of the common electrode 
signal (Vcom), 

50 

wherein the common electrode signal generating 
circuit (222) generates the common electrode sig- 
nal (Vcom) corresponding to the code read out from 
the non-volatile memory (221). 

55 

2. The liquid crystal display device of claim 1 or 2, fur- 
ther comprising a CPU (300) decoding the code 
read out from the non-volatile memory (221) and 



controlling (104) the common electrode signal 
generating circuit (222) based on the code. 

7. The adjusting method of a liquid crystal display de- 
vice of claim 6, wherein the value of the common 
electrode signal (Vcom) is an optimum common 
electrode signal detected. 

8. An adjusting method of a liquid crystal display de- 
vice, the device comprising a liquid crystal panel 
(21 0), a common electrode signal generating circuit 
(222) generating a common electrode signal 
(Vcom) applied to a common electrode of the liquid 
crystal panel (210), a non-volatile memory (221) 
storing a code corresponding to a value of the com- 
mon electrode signal (Vcom), and a CPU (300) de- 
coding the code read out from the non-volatile 
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memory (221 ) and outputting a command to control 
the common electrode signal generating circuit 
(222) to the common electrode signal generating 
circuit (222) based on a result of the decoding, the 
method comprising: 

- inspecting (1 01) the liquid crystal panel to de- 
tect the value of the common electrode signal 
(Vcom); 

encoding the value of the common electrode 
signal (Vcom) into the code; 

- inputting (102) the code to the non-volatile 
memory (221); 



electrode signal detected by the supplier. 

12. The adjusting method of a liquid crystal display de- 
vice of claim 10 or 11 , wherein the data comprises 
a digital data. 
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reading out the code from the non-volatile 
memory (221 ) and sending the code to the CPU 
(300); and 

- decoding the code at the CPU (300) and out- 
putting (104) the command to control the com- 
mon electrode signal generating circuit (222) to 
the common electrode signal generating circuit 
(222) based on the result of the decoding. 

9. The adjusting method of a liquid crystal display de- 
vice of claim 8, wherein the value of the common 
electrode signal (Vcom) is an optimum common 
electrode signal detected. 

10. An adjusting method of a liquid crystal display de- 
vice that includes a liquid crystal panel (21 0) and a 
common electrode signal generating circuit (222A) 
generating a common electrode signal (Vcom) ap- 
plied to a common electrode of the liquid crystal 
panel (210), comprising: 

detecting (501) a value of the common elec- 
trode signal (Vcom) at an inspection by a sup- 
plier of the liquid crystal panel (210); 

- supplying (502) data representing the value of 
the common electrode signal (Vcom) to a man- 
ufacturer of the liquid crystal display device 
who assembles the liquid crystal panel (21 0) in- 
to the liquid crystal display device; and 

adjusting (504) the common electrode signal 
generating circuit (222A) by using the data rep- 
resenting the value of the common electrode 
signal (Vcom) at a manufacturing step of the 
liquid crystal display device by the manufactur- 
er. 

11. The adjusting method of a liquid crystal display de- 
vice of claim 1 0, wherein the value of the common 
electrode signal (Vcom) is an optimum common 
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